P atients with advanced liver disease continue to be at risk of excessive mortality and morbidity rates following surgery despite the advances in surgery, anesthesia, blood banking, and intensive care seen in the last 4 decades. The comorbid issues responsible for these excess morbidity and mortality rates are easily identified before surgery and, although it may be difficult to achieve complete resolution, targeted preoperative interventions may improve outcomes.
Advanced liver disease is usually manifested as cirrhosis of the liver, which can be staged according to the degree of fibronodular hyperplasia and bridging fibrosis. Fibronodular hyperplasia is an attempt of the liver to heal the hepatocellular injury that has occurred from whatever cause. Bridging fibrosis is characteristic of the final stages of hepatocellular destruction. Functionally, end-stage liver disease results in marginal synthetic hepatocellular function, cholestasis, and a variable degree of portal hypertension.
The causes of advanced liver disease are myriad, but the most common causes include viral infection, alcohol abuse, autoimmune disease, drug reaction, genetic metabolic aberrations, cholestasis, and inflammatory disease of the bile tracts.
The common features of advanced liver disease are the basis of the ChildsPugh staging and include three clinical findings and three laboratory findings ( Table 1 ). The severity of each of these findings is graded, and a score can be summed from 0 to 18. As originally described, the Child's classification applied to patients undergoing portal-systemic shunting procedures for variceal hemorrhage (1) . Subsequent studies have shown that the excess mortality and morbidity rates apply to patients undergoing other intra-abdominal procedures.
Decreased hepatocellular function leads to muscle wasting, decreased protein synthesis, and coagulation abnormalities and is scored by a clinical evaluation of nutrition, serum albumin concentration, and the prothrombin time or international normalized ratio. Hypoalbuminemia and portal hypertension lead to ascites, which is scored in accord with the degree of control obtained with diuretics. Encephalopathy results from the inability of the liver to extract derivatives of protein metabolism, such as ammonia, and is scored according to a clinical evaluation of asterixis, orientation to person, place, and time, as well as the need for a low-protein diet and hospitalization for uncontrolled encephalopathy. Finally, excretory function is scored by the serum bilirubin. Scores assigned for hyperbilirubinemia need to be adjusted in patients with primary biliary cirrhosis in whom the degree of hyperbilirubinemia is excessively elevated out of proportion to the degree of cirrhosis.
The clinical and laboratory elements used in the Child-Pugh stratification of liver disease encompass the primary functions of the liver. Virtually every organ or organ system in the body is at risk of secondary manifestations of advanced liver disease. These include the heart and circulation, brain, lungs, kidneys, bone marrow, spleen, endocrine system, and immune system. The degree to which any or all of these are compromised by advanced liver disease plays an important role in determining outcome following surgery, and their involvement requires the same assessment and intervention as given to the primary manifestations of liver disease.
In this article, I will address each of the common features of advanced liver disease and develop strategies for improv-ing the preoperative preparation of patients with cirrhosis for surgery. For the most part, the emphasis will be on preoperative preparation for abdominal surgery because both general anesthesia and intra-abdominal surgery appear to be able to impede marginal hepatocellular function and precipitate acute hepatic failure.
The History of the Assessment of Outcomes in Patients With Advanced Liver
Disease. In 1964, Child and Turcotte (1) reviewed their experience with 128 patients undergoing surgery with portal decompression to control acute hemorrhage from esophageal varices. Patients with advanced cirrhosis had a mortality rate of 53%, whereas those with minimal to moderate cirrhosis had a combined mortality rate of only 4.3%. Their patients were high risk because of the indication for surgery, failed conservative management of esophageal hemorrhage. In that era, the general anesthetic technique continued to include the use of cyclopropane; blood replacement therapy consisted mainly of whole blood, packed red blood cells, and pooled plasma. Invasive monitoring, at best, consisted of an arterial catheter and perhaps a singlelumen central venous catheter inserted by way of an antecubital vein. Postoperative ventilator support was provided either by pressure-limited, pressure-cycled ventilators (Bird and Bennett) or volume limited, time-cycled ventilators (Emerson and Engstrom).
Child and Turcotte analyzed the clinical variables common to those patients who did poorly and noted five consistent factors: poor nutrition with wasting, hepatic encephalopathy with coma, uncontrolled ascites, hypoalbuminemia, and hyperbilirubinemia. They established the Child-Turcotte classification, subsequently modified to the Child-Pugh classification (Table 1) , based on these variables and ranked patients as having minimal (class A), moderate (class B), or advanced disease (class C).
Ten years later, Pugh and MurrayLyon (2) reported the results of transthoracic ligation of esophageal varices to control variceal hemorrhage as a bridge to portal decompression by means of portacaval shunting. In their series of 38 patients, 11 patients died of continuing or recurrent hemorrhage and ten patients died of acute liver failure. Again their patients were easily divided into three groups based on the criteria described by Child and Turcotte. Of the 18 patients classified as grade 3, none survived for 1 yr. Pugh added the prothrombin time as an additional element and assigned numeric values so that a total score could be calculated. However, Pugh eliminated the nutritional assessment from his scoring system. As we will see, this may have been a mistake because malnutrition is a consistent feature of advanced cirrhosis. Pugh's scoring system (1, 2, or 3 points for normal, moderately abnormal, or markedly abnormal indicators) allowed for inconsistencies in the presentation of the clinical manifestations of cirrhosis. In some patients, control of ascites may be more manifest than encephalopathy, and vice versa in other patients. Grade A patients (scores of 5 or 6) were considered good operative candidates; grade B patients (scores of 7-9) moderate risk; and grade C (scores of 10 -15) high risk ( Table 2) .
The results reported in Pugh's series of 38 patients were as disheartening as those reported by Child and Turcotte despite the improvements in technology that had occurred over the intervening 10 yrs. The operative mortality rate was 77% in patients with class C manifestations of cirrhosis (score Ն10 points), 38% in patients with class B, and 29% in patients with class A. Six-month overall mortality rate for all groups was 68%, pointing to the ongoing problems these patients endured even after variceal bleeding was controlled.
The Child-Pugh classification includes an assessment of six factors: nutrition, control of ascites, level of encephalopathy, elevation of serum bilirubin, prolonged prothrombin time, and decrease in serum albumin concentrations (Table  1) . In 1984, Garrison et al. (3) reviewed a series of 100 consecutive patients with cirrhosis of the liver who underwent abdominal surgery for a variety of procedures not directly related to their cirrhosis. The procedures included cholecystectomy, common duct exploration, gastric and intestinal resections, open liver biopsy, herniorrhaphy, splenectomy, pancreatectomy, vascular surgery, and exploratory laparotomy. The report includes several multivariate analyses of preoperative, intraoperative, and postoperative factors that led to postoperative morbidity and mortality. Garrison et al. observed that 10% of patients with advanced liver disease would undergo surgical procedures with high morbidity and mortality rates in the final 2 yrs of their lives.
The highest predictive value of variables in Garrison's series were those seen in the combined Child-Pugh classification, again malnutrition, uncontrolled ascites, encephalopathy, elevated bilirubin, elevated prothrombin time, and decreased serum albumin concentrations. Emergency surgery was an important predictor of adverse events. It was present as an indicator in 80% of the nonsurvi- 
The plasma concentration of bilirubin is adjusted higher in patients with primary biliary cirrhosis because the degree of hyperbilirubinemia is out of proportion to the extent of overall liver dysfunction. In all series, sepsis ranks with coagulopathy and emergency surgery in the final common pathway toward mortality following intra-abdominal surgery. A common predicament is the need to surgically control fecal contamination in a patient with uncontrolled ascites. This combination leads to ongoing ascitic leaks and peritonitis. Experience suggests that avoiding open anastomoses, diverting colostomies, and using peritoneal drains when possible may lead to improved outcome. When sepsis is not the initiating event leading to mortality, encephalopathy is and results from acute liver failure usually seen in the first few days following surgery.
The Child-Pugh classification was not found to be predictive in one series of 40 consecutive patients with liver disease, 28 of whom had abdominal surgery (5 (6) reported a casecontrolled retrospective review of laparoscopic cholecystectomy in 48 patients with class A and B cirrhosis. Nearly 80% of the patients were Child-Pugh class A and none were Child-Pugh class C. Four case control patients were matched to each patient with cirrhosis. The patients with cirrhosis had increased length of stay (p ϭ .152), longer duration of surgery (p ϭ .57), greater need for transfusion (p ϭ .025), higher rate of conversion to open cholecystectomy (8 cases vs. 0 cases), and more frequent complications (p Ͻ .05). Although the authors concluded that laparoscopic cholecystectomy is reasonably safe and shows no increase in morbidity or mortality rates or worsening of outcome, there is selection bias toward patients with fairly wellcompensated cirrhosis. Furthermore, although the comparisons to case controls often did not meet statistical significance, most of the patients were in the low-risk stage of their disease and the trend was adverse in each variable that was reported. Similar results have been reported in a small series of patients with cirrhosis undergoing laparoscopic cholecystectomy (7). Of 12 patients, only one required transfusion, postoperative complications were seen in four, and no patient developed postoperative acute liver failure. Again, however, most of the patients were Child class A (eight cases) and Child class B (four cases).
Pronovost et al. (8) reviewed all patients having abdominal aortic surgery in the state of Maryland between 1994 and 1996. This was a retrospective study using an administrative data set. End points included in-hospital mortality rate, length of stay, and intensive care unit (ICU) length of stay. Mild liver disease and chronic renal failure stood out as the two preexisting comorbid diseases associated with increase mortality rates or prolonged hospital and/or ICU stay. The odds ratio for risk associated with mild liver disease was 4.6 with confidence intervals of 2.0 -10.9. Advanced age, emergency or emergency surgery, and ruptured aneurysm were associated with similar odds ratios/confidence limits. Interestingly, the authors found that admission to the hospital 1 or 2 days before surgery did not improve incomes, and they believed that this practice should be reevaluated. In fact, they showed that early admission was associated with prolonged hospital and ICU stay. Although both of these are true, it is difficult to suggest that they are related. The more likely case is that patients with mild liver disease and chronic renal failure needed additional preoperative preparation (dialysis, correction of coagulopathy, etc.), and it was the impact of the comorbid disease that led to prolonged hospital and ICU stay. Early admission to the hospital before surgery for optimal and appropriate management before surgery is supported by the approach recommended by Patel (9) at the Mayo Clinic.
Portal venous shunting to the systemic circulation can be accomplished by various surgical approaches including mesocaval, distal splenorenal, and portacaval shunting. It may be accomplished, as well, by percutaneous placement of a transjugular, portasystemic endovascular prosthesis (discussed subsequently). Portal venous decompression decreases the risk of variceal hemorrhage and improves the ability to control ascites. It is reasonable to ask whether there remains a role for portal shunting procedures in the era of liver transplantation. The results from Shaw's group at the University of Nebraska indicate that shunting continues to be good procedure for at least two groups of patients, those with wellpreserved hepatocellular function who needed a long-term bridge before transplantation and those for whom transplantation was contraindicated because of advanced age or uncontrolled alcoholism (10) . Operative mortality rate was only 5-7%, which compared favorably to that associated with liver transplantation (19% in patients with advanced liver disease). The best results were seen in those patients for whom shunting represented a long-term bridge to transplantation.
van der Vliet et al. (11) noted that there is a changing pattern of portasystemic shunt surgery. They reviewed the results seen in 74 patients receiving portasystemic shunts during a 15-yr period. Fewer patients underwent early elective portasystemic shunting, whereas the number of emergency procedures remained constant. Early mortality rate was 3% in patients with Child class A disease, 7% in Child class B, and 56% in Child class C. Patients with alcoholic cirrhosis fared worse than those with other forms of liver disease. Postoperative encephalopathy was noted in 22% of patients, irrespective of the type of shunt. The authors recommended the use of a shunt that will lead to the least interference with subsequent liver transplantation.
Is there a final common denominator that explains the susceptibility of patients with advanced liver disease to acute liver failure and death following surgery? Friedman (12) emphasized the effect of hemodynamic changes that accompany surgery as the root of acute liver failure in patients with marginal liver function. Total hepatic blood flow, especially hepatic arterial blood flow, is reduced during general anesthesia and surgery. The impact of this reduction to hepatic oxygen delivery is critical and leads to a drastic loss of minimally remaining hepatocellular function. Of the inhaled anesthetics, halothane has been shown to produce the most dramatic reduction of hepatic arterial blood flow. It is well preserved with isoflurane especially if systemic blood pressure is not reduced Ͼ30% (13, 14) . Although cirrhosis attenuates the responsiveness to a variety of vasopressors (15) , ␣-adrenergic vasopressors, such as phenylephrine, should probably be avoided in patients with liver disease because of the potential to decrease hepatic arterial blood flow.
Manifestations of Advanced Liver Disease
Malnutrition. Malnutrition becomes manifest with advancing cirrhosis, and severe malnutrition is a prominent feature of Child's class C cirrhosis. Skeletal muscle wasting, loss of adipose tissue, and poor skin turgor are a reflection of the decreased synthetic function that accompanies cirrhosis. Child's class C patients are protein-depleted, overhydrated, and hypermetabolic. Total body protein may be reduced to 82% of estimated preillness total body protein. Plank et al. (16) showed that body composition and function did not return to normal for Ն12 months following orthotopic liver transplantation. However, recovery of respiratory muscle strength remained incomplete. Hypermetabolism occurred early in the neohepatic period and peaked at the tenth postoperative day.
Essential fatty acid deficiencies have been demonstrated in patients with chronic liver disease. Abnormalities are not corrected with short-term intravenous lipid supplementation. Although the significance of these deficiencies is unknown, Duerksen et al. (17) speculated that they may affect eicosanoid metabolism.
Severe malnutrition is associated with a greater requirement for packed red cells, fresh frozen plasma, and cryoprecipitate during liver transplantation and a longer length of stay postoperatively. Stephenson et al. (18) suggested that if nutritional repletion were possible before transplantation, patient outcomes could be improved.
Hepatic and muscle glycogen stores are depleted and the patient with advanced cirrhosis is at risk of perioperative hypoglycemia. On the other hand, patients with nonalcoholic steatohepatitis demonstrate insulin resistance and may be hyperglycemic (discussed subsequently).
There is consensus that patients with advanced liver disease should receive both enteral and parenteral nutrition in the perioperative period, and, when time permits, this should start in the preoperative period because of the energy expenditures expected in the postoperative period (19) . Caloric balance should be carefully calculated and nutritional supplements should be prescribed in a manner that will not aggravate a preexisting tendency toward hepatic encephalopathy (high carbohydrate/lipid content and decreased amino acid content).
Wernicke's encephalopathy in the patient with alcoholic cirrhosis may result from the vitamin deficiencies that accompany the malnutrition of advanced liver disease. Preoperatively, vitamin supplementation should include vitamin B 1 (19) . Neuropathology in the mammillary body and thalamus, characteristic of Wernicke's encephalopathy, have been found
Clinical manifestations of Wernicke's encephalopathy had been present in only two of these patients during life. These findings underscore the need for careful neurologic evaluation and radiologic assessment both before and after surgery.
Dam et al. (21) showed regional cerebral perfusion defects in patients with cirrhosis. These are diffuse in patients with alcoholic cirrhosis. Some of these may normalize following liver transplantation, but persistent frontal lobe defects persisted in patients with alcoholic cirrhosis.
Encephalopathy. Hepatic encephalopathy can be either an acute, life-threatening complication or a relapsing, chronic feature of advanced liver disease. Alternatively, it can be the primary pathologic feature of acute liver failure, such as that seen with acetaminophen overdose. Acute liver failure can also occur in the postoperative period in patients with stable liver disease probably as a result of the changes in hepatic arterial and portal venous blood flow secondary to anesthesia and intra-abdominal surgery. Postoperative acute liver failure may not be evident until the second or third postoperative day.
The etiology of hepatic encephalopathy is multifactorial, and precise mechanisms are not clear. Traditionally, it has been treated with lactulose, neomycin, and a low-protein diet (22) . This strategy aims at lowering the potential for absorption of ammonia produced by gastrointestinal metabolism of proteins. Lactulose lowers the pH of the colon contents and helps convert ammonia to ammonium ions, which are not absorbed. Neomycin eliminates the bacteria, which produce ammonia. The low-protein diet unfortunately can further aggravate the malnutrition already present in these patients.
Hepatic encephalopathy can evolve without significant or progressive elevations of serum ammonia concentrations. Benzodiazepine-like substances are associated with hepatic encephalopathy, and benzodiazepine antagonists have been used to provide temporary improvement in patients with hepatic coma (23, 24) . Ferenci et al. (25) reported on the successful long-term use of oral flumazenil in a patient with recurrent episodes of hepatic encephalopathy.
Branched chain amino acid therapy has been reported in one case report to dramatically decrease hepatic encephalopathy in a patient who was refractory to conventional therapy (26) . Hepatic encephalopathy is aggravated by portasystemic shunting for portal hypertension whether it is by surgical shunts or by transjugular intrahepatic portasystemic shunt because of the diversion of toxic metabolites away from the residual but limited extraction capability of the liver (27) .
Acute hepatic encephalopathy is a common feature of acute hepatic failure. The transition from grade 1 to grade 2 and grade 3 encephalopathy is insidious and can occur over a period of a few hours. Treatment needs to be aggressive and is aimed at controlling the lifethreatening increase in intracranial pressure that leads to coma and brain death. Treatment strategies include head elevation, endotracheal intubation with hyperventilation, osmotic diuretics, plasmapheresis, and even exchange transfusion. The benzodiazepine antagonist flumazenil can produce brief improvement in cortical neurologic manifestations of encephalopathy but it is probably not of value for prolonged control and prevention of coma.
Coagulopathy. With the exception of von Willebrand factor, all the coagulation proteins and most inhibitors of coagulation are synthesized in the liver. Thus, it is not surprising that coagulopathy is one of the primary features of liver disease and one that becomes most apparent when patients are threatened by other manifestations of liver disease, such as variceal bleeding.
However, low blood concentrations of coagulation proteins are not the only cause of coagulopathy in advanced liver disease. Portal hypertension (discussed subsequently) leads to hypersplenism. The spleen can become large enough to place patients at risk of splenic rupture with abdominal trauma that otherwise would not be significant. Hypersplenism usually resolves following liver transplantation and can be controlled by splenectomy or embolization of the splenic blood supply (28) .
Thrombocytopenia is often present in liver transplant candidates. Pooled platelets are a scarce resource and are a potential source of transmission of viral disease. At times it is difficult to decide whether to perform a splenectomy at the time of orthotopic liver transplantation. Platelet administration is necessary if surgical bleeding is evident and blood platelet counts are Ͻ70,000/mm 3 . Preoperative preparation of the coagulopathic liver disease patient focuses on the administration of fresh frozen plasma and/or cryoprecipitate. The end point of treatment should be normalization of prothrombin time, plasma fibrinogen concentration, and, if available, factor analysis (factor VII, VIII). Synthetic factor VIIa is available but, especially considering its short half-life, is very expensive. The oncotic load associated with the administration of large volumes of fresh frozen plasma can cause fluid overload and pulmonary congestion. If coagulopathy is pronounced, central venous monitoring may be warranted before major surgery. Fisher and Mutimer (29) showed that the incidence of complications from central catheter insertion in patients with liver disease and coagulopathy is low and that the presence of an elevated prothrombin time should not be considered a contraindication.
Coagulopathy can be monitored in a global fashion by thrombelastography (Fig. 1) . In liver disease patients with coagulopathy, the thrombelastogram will show a delayed onset of coagulation (Rtime), a decreased angle between the base of the curve and the shoulder, and decreased maximum amplitude (30, 31) . Often, with active bleeding, one will see accelerated fibrinolysis evidenced by narrowing of the tracing after achieving maximum amplitude. When using the thrombelastogram for diagnosis of coagulopathy or as an index of the effect of treatment, it is imperative to make sure that samples are free from any possible contamination with heparin. The error associated with heparin contamination can be avoided by assaying a parallel sample with the addition of heparinase (32, 33) .
Blood loss during liver transplantation and increased fibrinolytic activity on thrombelastogram can be prevented and reversed with the administration of aprotinin and epsilon amino caproic acid (34 -36) . Transenemic acid has been shown, as well, to be effective in treating the coagulopathy associated with liver disease (37) .
Portal Hypertension. Portal hypertension is the result of fibronodular hyperplasia and fibrosis in the hepatic lobules. Sinusoidal ablation prevents effective portal venous blood flow. Increasing portal venous blood pressure causes engorgement of the splanchnic veins. The small bowel, colon, and spleen become congested. Splenomegaly caused by portal hypertension leads to platelet trapping and increased risk of splenic rupture with abdominal trauma. As portal hypertension continues, accessory venous drainage along the diaphragm, mediastinum, and esophagus leads to the development of esophageal varices and gastropathy. Vasculopathy in the colon also occurs and can be the cause of lower gastrointestinal bleeding and worsening of encephalopathy. Portal hypertension causes ascites and pleural effusion. The accessory venous drainage of the portal venous sys- tem can be so intense that direct vascular connections can occur between the portal system and the pulmonary vasculature. This sets the stage for hepatopulmonary syndrome (discussed subsequently).
Varices are diagnosed on endoscopy and can be well controlled with endoscopic scleral therapy (38) . The size of esophageal varices can be decreased with long-term ␤-blocker therapy, usually propranolol (39) . It is unclear whether this is an effect of propranolol on the ␤-2 receptors of the venous blood vessels, and it is equally unclear whether other ␤-blockers (metoprolol or atenolol) would have similar effects.
Shunts established between the portal venous system and the venous return via the inferior vena cava could control variceal bleeding secondary to portal hypertension and offer the best protection against rebleeding (40) . These shunts can be placed surgically (mesocaval, splenorenal, portacaval) or percutaneously (transjugular intrahepatic portosystemic shunt, or TIPS). When TIPS was developed in the 1980s, it was hoped that the procedure would eliminate the need for surgical shunts with their risk of mortality and morbidity. However, although TIPS is performed percutaneously and does not require general anesthesia, it is not a benign procedure. TIPS has a high complication rate, and its mortality rate is not distinctly different from that reported by centers well experienced in shunt surgery. Complications include perforation of the liver capsule, injury to the vena cava, hepatic, and portal veins, and massive hemorrhage. As noted previously, worsening of encephalopathy occurs so commonly that preexisting encephalopathy is a relative contraindication to the procedure.
TIPS is most effective and safest when placed electively in patients with preserved hepatocellular function. Williams et al. (41) reported their results in placing TIPS successfully in 65 of 67 patients referred for control of variceal bleeding.
Although they observed no procedural mortality, the 30-day mortality rate was 21%. Child-Pugh class C and advanced age were predictive of mortality. Cumulative rebleeding rate was 25% at 1 yr with shunt abnormalities being the leading cause. Only three of 25 deaths were due to rebleeding.
A strategy for controlling esophageal bleeding includes sequential sclerotherapy, TIPS, and liver transplantation (42) . For many patients, this strategy should include operative shunting especially when there will be a long interval before transplantation. Transabdominal esophagogastric devascularization, with or without splenectomy, is an alternative for those patients who are refractory to sclerotherapy or have contraindications to shunting procedures (43) . However, TIPS has a lower mortality rate than esophagogastric devascularization for emergency control of esophageal hemorrhage (44) .
Octreotide, a somatostatin analog, has been used to control nonvariceal bleeding in patients with gastropathy and variceal bleeding in the colon and should be included in the strategy for emergency control of bleeding (45, 46) . Portal vein thrombosis is another complication of long-standing portal hypertension, and it results in sudden deterioration of remaining liver function. The incidence of portal vein thrombosis in liver transplant patients is reported to be 2.1-13.8% but was significantly higher (26%) in a report of U.S. veterans receiving liver transplants (47) . Portal vein thrombosis is graded according to the degree of obstruction of the portal vein and the degree of thrombus extension into the superior mesenteric vein (Table  3) . Grades 2, 3, and 4 portal vein thrombosis are associated with a higher incidence of primary nonfunction of the liver after transplantation, rethrombosis of the portal vein, and a lower 5-yr survival (48) . Diagnosis can be established by microbubble color Doppler ultrasound in those patients for whom conventional portal venography is suboptimal (49) . Portal vein thrombosis makes orthotopic liver transplantation much more difficult and increases both the risk of complications and mortality rate. Liatsos et al. (50) reported the successful recannulation of the portal vein via TIPS in two patients awaiting liver transplantation. Continued patency required systemic anticoagulation, not often recommended in patients (51) at risk of coagulopathy secondary to liver disease.
It is important to consider portal vein thrombosis in patients with sudden deterioration of liver function, and diagnosis should be pursued with ultrasound or portal venography. Portal vein thrombosis may heighten the urgency for liver transplantation or may be judged as a contraindication.
Variceal Hemorrhage. The mainstays of treatment of esophageal varices, and the prevention of hemorrhage, include ␤-blocker therapy, endoscopic sclerosis, TIPS, and portal blood flow preserving shunt procedures. somatostatin analogs (octreotide) can be added for the immediate therapy of bleeding. Varices may not be limited to the esophagus; they can be present also in the colon.
The mortality rate of acute variceal hemorrhage is high irrespective of the type of type of therapy, 42% for TIPS and 79% for esophageal transaction (51) . Rebleeding occurred in 15.6% of patients with TIPS compared with 26.2% of patients who underwent esophageal transection. Infection was common after either procedure. Rebleeding is less common after portal blood flow preserving shunts (5%) compared with ␤-blocker therapy (68%) and sclerotherapy (71%) in a group of low-risk (ChildPugh class A) patients (40) .
Pulmonary Hypertension. The hepatopulmonary syndrome is a rare complication of end-stage liver disease but is one with a poor prognosis and may represent a contraindication to orthotopic liver transplantation. Hepatopulmonary syndrome includes marked pulmonary hypertension in the presence of systemicto-pulmonary vascular shunts and intrapulmonary arteriovenous shunts, both of which result in systemic arterial desaturation (52) . Orthodeoxia and platypnea (desaturation and shortness of breath when upright compared with supine) are clinical signs of hepatopulmonary syndrome.
One group has recommended a trial of vasodilators in patients with severe pulmonary hypertension before liver transplantation. Failure to respond to vasodilators is recommended as a criterion to preclude proceeding with transplantation (53) . Portal decompression with TIPS may improve arterial oxygenation and decrease calculated shunt fraction, both of which may improve the preoperative preparation of a patient before liver transplantation (54) .
Patients with hepatopulmonary syndrome who have survived orthotopic liver transplantation are faced with prolonged recovery from pulmonary hypertension. In one case report, pulmonary hemodynamics did not normalize for Ͼ2 yrs after surgery (55) .
Hepatorenal Syndrome. Hepatorenal syndrome (HRS) is a diagnosis of exclusion, and the cause is not known but may be related to undefined nephrotoxins not cleared by the liver; it appears to be related to alterations in renal blood flow secondary to increased intra-abdominal pressure in those patients with massive ascites. However, massive ascites is not a requirement for HRS. HRS is seen most often as oliguric deterioration in renal function that occurs in patients with exacerbated liver failure.
Although HRS may resolve immediately after liver transplantation (56), intraoperative and postoperative dialysis or hemofiltration may be necessary. In patients with severe hepatic and renal failure, combined liver and kidney transplantation may be necessary. Minor incompatibilities for the kidney are tolerated better when the kidney is transplanted along with the liver.
Dialysis or hemofiltration are the obvious methods of treatment of HRS. Renal function can be improved by largevolume paracentesis and supplementation of intravascular volume with fresh frozen plasma (57) .
Cardiovascular Disease. The hemodynamic profile of patients with advanced liver disease is hyperdynamic with a resting cardiac index twice normal, a low peripheral vascular resistance, low to normal blood pressure, normal to increased stroke volume, and mildly elevated heart rate (58) . Some causes of advanced liver disease are associated with cardiomyopathy (alcoholic liver disease, hemosiderosis). Beyond these, patients with advanced liver disease often have risk factors for coronary artery disease, such as cigarette smoking and hyperlipidemia.
A common dilemma in the care of patients with advanced liver disease and cardiac disease is which they should undergo first, liver transplantation or cardiac surgery. Patients with Child-Pugh class A liver disease do well after either valve replacement or coronary artery bypass grafting. However, in two small series, the mortality rate for Child-Pugh class B and C was extremely high, 80 -100% (59, 60) . A large prospective cohort study of the effect of comorbid conditions on the in-hospital mortality rate of patients undergoing coronary artery bypass grafting failed to show liver disease as a predictor of death (61). Manas et al. (62) reported a case of sequential coronary artery bypass grafting and liver transplantation performed with cardiopulmonary bypass. The patient was alive and asymptomatic at 3 months after surgery.
Considering the stress of liver transplantation, a reasonable approach for a patient with inducible ischemia and advanced liver disease could include coronary revascularization first with the anticipation and hope of an available organ should the patient develop acute liver failure for a patient with Child-Pugh class A liver disease. This approach may not be feasible because of the issues of coagulopathy in patients with Child-Pugh class B and C disease. If coronary artery bypass grafting is contemplated, there may be a sound argument to perform the procedure without cardiopulmonary bypass.
Spontaneous Bacterial Peritonitis. Spontaneous bacterial peritonitis (SBP) is a serious complication of chronic liver disease. Although SBP is seen most frequently in patients who are hospitalized for other complications of their liver disease, it has been observed in 3.5% of asymptomatic outpatients with known cirrhosis (63) . The organisms seen in this group were Gram-positive and the patient survival at 1 yr was 67%.
Hospitalized patients are at risk of more serious infection with SBP, usually with Gram-negative organisms and with a much higher mortality rate, 46% in the series reported by Lipka et al. (64) . Predominant organisms were Escherichia coli and Klebsiella pneumoniae. Because of the high recurrence rate of SBP, prophylactic antibiotic therapy with a thirdgeneration cephalosporin is recommended (65) . Gram-negative infection in hospitalized patients may be spontaneous or it may be related to procedural interventions such as high-volume paracentesis. Usually patients with SBP will be Child-Pugh class C and will manifest other complications such as hepatorenal syndrome or hepatic encephalopathy.
In the absence of hepatocellular carcinoma, multiple-system organ failure, age Ͼ66 yrs, and a 60-day survival interval following diagnosis of SBP, liver transplantation may be recommended (66) .
Nonalcoholic Steatohepatitis. Nonalcoholic steatohepatitis (NASH) is the consequence of the metabolic syndrome (syndrome X) characterized by obesity, type 2 diabetes, hypertriglyceridemia, and hepatic steatosis (67) . Although NASH appears to be multifactorial, the fatty liver is vulnerable to oxidative hepatocellular injury. It is a common complication of morbid obesity. It can progress to cirrhosis and liver failure. In a series of 75 patients undergoing Roux-en-Y gastric bypass surgery, 84% had steatosis, 20% had moderate to severe inflammation and fibrosis, and 8% had bridging fibrosis or cirrhosis (68) . Aspartate aminotransferase, alanine aminotransferase, and body mass index correlated poorly with the presence of significant liver disease. Based on these findings, the authors recommend routine liver biopsy at the time of bariatric surgery. In a second series of 105 consecutive patients undergoing laparoscopic bariatric surgery, the incidence of NASH was lower, 25%; however, 42% of those patients had advanced fibrosis (69) . Insulin resistance and systemic hypertension along with blood alanine aminotransferase concentrations were highly predictive for the presence of liver disease. A history of alcohol consumption appeared to be protective probably because of its effect in reducing insulin resistance. A third study showed the incidence of NASH to be 91%, but only 10% showed severe fibrosis (70) .
Bariatric surgery is blossoming as an opportunity for a new program in surgery throughout the United States with estimates of tens of thousands of potential candidates for bypass procedures. Although acute hepatic failure has not been identified as a common postoperative problem, the high incidence of NASH warrants caution and a careful preoperative assessment of liver function. Certainly, liver biopsy at the time of surgery is recommended.
Perspective on Liver Transplantation. The purpose of this article is not to discuss preoperative preparation of patients for liver transplantation. This has been well described in reviews and texts (71, 72) . However, readers may be placed in the position of referring a patient for urgent transplantation as the only means of salvage following acute hepatic decompensation. A recent review (51) has suggested that severe cardiovascular disease, uncontrolled systemic infection, extrahepatic malignancy, severe psychiatric or neurologic disorders, and absence of a viable splanchnic venous inflow system are absolute contraindications to liver transplantation (73) . In the absence of these contraindications, the optimal correction of the issues described in this review represents the optimal physiologic preparation of the patient needing urgent liver transplantation.
Central Pontine Myelinolysis. Central pontine myelinolysis is a demyelinative disorder whose cause is unknown but occurs frequently in patients with chronic alcoholism, severe malnutrition, and hyponatremia. The effect of correction of hyponatremia in the evolution of this syndrome is probably a result of osmotic endothelial injury in an area of the brain with a high admixture of gray and white matter (74) .
Severe hyponatremia occurs in patients with advanced liver disease because of the fluid balance abnormalities associated with massive ascites, large volume paracentesis, and abnormal water retention associated with abnormal renal function. Severe hyponatremia leads to abnormal central nervous function including seizures. Correction of hyponatremia, if performed rapidly before or during the course of liver transplantation, can lead to fatal central pontine myelinolysis postoperatively (75) . In the series of 379 orthotopic liver transplants performed at Baylor Medical Center (76), severe hyponatremia (serum sodium Յ127 mEq/L) was present in 3.5% of their patients (76) . Three patients developed central pontine myelinolysis, and all three died within 3 months of transplantation. The increase in serum sodium concentration postoperatively was significantly higher in the patients with central pontine myelinolysis (20.7 Ϯ 8.1 mEq/L) than it was in patients in whom it did not develop (7.0 Ϯ 5.1 mEq/L). The authors recommend slow correction of severe hyponatremia when possible. Serum sodium concentrations should be monitored closely especially if sodium bicarbonate administration is planned for correction of metabolic acidosis.
Soupart and Decaux (77) recommended correction of chronic hyponatremia at Ͻ10 mEq/L per 24 hrs in patients with advanced liver disease and malnutrition. If the patient is asymptomatic, fluid restriction and the administration of urea may protect against evolving brain edema. If patients have neurologic symptoms, 3% sodium chloride may be administered intravenously. If correction needs to be stopped, desmopressin may be used to stop diuresis. Primary Nonfunction. Primary nonfunction of a transplanted liver is a disastrous complication of liver transplantation that often requires retransplantation in the early postoperative period. Primary nonfunction is associated with severe fatty infiltration or hydropic degeneration on needle biopsy performed during procurement (78) . Perioperative physicians may be charged with dealing with the physiologic abnormalities associated with this syndrome during the period of time when the patient is awaiting a second organ.
Although primary nonfunction is poorly understood, the appearance of the liver and the clinical sequelae are similar to hyperacute rejection. The liver appearance degrades immediately in the postreperfusion period. In the extreme, it turns black and becomes mottled, obviously not viable. The patient becomes severely coagulopathic with continuous oozing from all areas of the surgical wound. Acute respiratory failure requiring high inspired concentrations of oxygen and positive end-expiratory pressure is common. Additionally, the patient will usually develop acute renal failure. Reversal of these features following retransplantation can be dramatic. If allograft hepatectomy is performed early in the course of primary nonfunction, cardiovascular and respiratory stability are improved while the patient awaits retransplantation (79) .
Early reports of a beneficial effect of prostaglandin E1 on early graft survival have not been borne out in controlled studies (80) . Prostaglandin E1 infusions improved early postoperative renal function but did not decrease the incidence of allograft primary nonfunction.
Tests for early graft function after liver transplantation have eluded us. One of the best tests is the assay of factor VII level, since factor VII has a short half-life (approximately 4 hrs) and it is synthesized exclusively in the liver (81, 82) . Fibrinogen and albumin are also good markers of synthetic graft function, but their half-lives are quite long. The utility of factor VII is limited because fresh frozen plasma is a good source of factor VII and most patients for whom an accurate assessment of graft function is necessary are usually receiving fresh frozen plasma. Hyaluronic acid uptake, a natural function of hepatic endothelium, has been shown to correlate with early graft function (83) . The first metabolite of lidocaine, monoethyl glycine xylidide, has been tested as a measure of residual hepatocellular function preoperatively and of graft function in the postoperative period (84, 85) . However, issues of drug distribution have made the assay of this marker unreliable as an indicator of early graft function.
Group specific protein (Gc protein) is a serum protein synthesized in the liver and released into the bloodstream, and it is preserved in fresh frozen plasma. It plays a role in capping actin filaments that polymerize in the bloodstream following organ injury (86). A Gc protein assay that is immunonepphelometric has been developed that is nonisotopic, fully automated, and accurate (87). The assay is a good measure of synthetic hepatocellular function. Actin is an intracellular protein that normally is not present free in the circulation. However, with severe organ injury, as in primary nonfunction of a liver allograft, actin is released into the circulation where it can polymerize into actin filaments capable of obstructing small blood vessels. In patients with acute liver failure, the capping proteins Gc protein and gelsolin are diminished and actin monomers freely polymerize into actin filaments. Polymerized actin filaments may contribute to multiorgan failure (88) brain, heart, circulation, lung, and kidneys in addition to the liver. Secondary effects include coagulopathy, increased susceptibility to sepsis, metabolic abnormalities, and abnormal fluid balance. Anesthesia and surgery are associated with high risk of complications and death. The principal features of adverse outcome include coagulopathy, encephalopathy, and sepsis. Such a course follows acute liver failure in the setting of marginal hepatocellular function in the cirrhotic liver. Detailed preoperative preparation aimed at correcting the abnormalities associated with advanced liver disease may improve outcomes.
CONCLUSIONS
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